

BACKGROUND OF THE INVENTION 
1- Field o lthe Inv6nh^^» ... 

COOqiT The present invention relates t« . * . 
s ^ '^sAStes to a technique for 

»":::n: rj.;r - ■ — - 

Ia„e ,f """" '° ^ Efficiently p,l«i„, 

■Large and small images. 

^^-^S^crifitiosuo^^ 

tOOOa, Printers „hi.h eject ink froa the noe.i,, ... 
«> heads have nozzles of printing 

have .ecentl, c«e to e„Jo, ..oad pop.l«Uy e, co,«er 
output devices, sach printers „ifh 

d»h. * P-^inters „rth n^eroua nozzles can print 

for r.pld printing o. . 
nozzles at once Th.. , >. nanerou. 

once. These techni<„e. are disclosed, for exs^pie in 
apanese „nexa„.„., ^^^^^^^^^ ^^^^^^ 

« -3, „ illustrates .„ e.^ie o. interlace pri^ntin,. 

I" «Uce printin, 1. sc«ti„es «.lo.ed in the ahove printers I 
order to echleve M„ ^slit. printing, .rin, l„t..U e pit. 
™ perts o. the printed i.,e 1. ere printed .t. vsrio ' 
nozzles. For example, the parts at the top edge of the 1 
" printed by nozue, ,10 and .„ " '"'^ 'he i„a,e 

: l —annin, . direction ss a»on, tHe 

ro„s. and are printed .y norrle .1 near the do«,strea„ end 
<«P end in ri,„re 1,, of tne eub-scan„in, direction ss. .ne 
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"2 near th. up,t«am ,„<i i„ th. noz^u . 

.00,4,. „ . the nozzle rows. 

C00e4] Curing Interlace printino fh. • 

» tlOald.Un " "«'>""i«"w'.«e nozzles 

• and ,u near th. end *o«c™ end i„ 

the nozzle rows face 4- ' 
lace the top end of the ima-^^ t 

ends to be printed at • "^^^ ^'"^ 

Prxnted at a position where nozzles #3 and U near the 
downstream end (top end in Figure 19, of th . 

yure xy, ©f the nozzle rows fa,.*. 
top end of the in,age long. ^"^^ 

10 tOOOSJ Meanwhile ^.v 

^can unea canl^Je "Ir":"^ ^ 

c«. Where the „e«t i„„ , " ' 

next ..a,e img begina .c fe. p,i„ted a/ter th. 
£i-'3t imaae img (indicated by the a™,- , 
" ri,„re 19, h,, K >99«9.te of aoUd circles i„ 

9.re 19, haa been printed, and the printing of the next ■ 
baglna from the apecific relat, 

and print °' "^^"""^ head 

ana print medium where the f^^^i. a 

th« „ . • ^""^ completed 

the next image img is printed at th« . '^^eted, 

— X.ne in Pig„.e is ""^^^^^ 
^ t0006J Accordingly, when images are orln^ h 

continuous paper the • " """^ 

Pap.r, th. .m.,.. Have had to be printed at certain 
Intervals, Thn« ^^*tein 

..age. are n! • ^^^^ " ^"^"^ ^""^^^ — ' ^ 

pJti " P-Portionately to the surface area of t.e 

printing paper that can be used to print the i 

,< a ^ ^ images, resulting in 

25 a greater waste of Drlnf<v.« ^ 

printing paper area. 
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t00073 An object of *-h^ • 

to be „ore efficiently printed on , pri„tln„ 
P^per. in orde. to .dd„. 

eddree, the ebove d„„b,clc. i„ the related art. 

s 

SUMMARY OF THE INVENTION 
I0008J in p,^^^^^ invention, a certain n 

1» dot printing h . employed 

printing devices for printing dots on th. . * 
Drint . surface of a 

print medium m order to address at 

ac least some of the pH/n,,* 

drawbacks. In one *«,k«^ • 

*n one embodiment, this dot Drin^,•n« w • 
10 a ^ . . printing device comprises: 

a dot printing head having a plurality of dot f ■ 
for fom,'^. w . ^ ^ty of dot-forming elements 

formxng dots on a print medium; a „.i„ .eannino h • 
e.\eGu<-in« . scanning driver for 

--Uti„, ^^^^^ ^^^^^ 

P-.n, h..d end the print „edi™, , .ead dri.r for drit.l 

to a direct ^ -'^•"-icul.r 

to a direction of the ,oan„in, between the „«in ..annin^s- 

and a control Mn4+. * -^^^^^wixngs^ 

Head drir and t/ ""^ ^'^--^^^ 

a"ver, and the sub-scan driver. 

» rooos] With such a printer a * 

afid .n • Pointer, a printing mode may be selected; 

aftd an image may be printed 

according to the selected mode, m 

- P.intin, Of the i.,., 
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direction perpendicular to a direrHnr. «f 

^ * airection of the main scanning 

between the main scannings. In the selecting a printing n.ode, one 
of a first printing niode and a second printing ,aode may be 
selected. The first printing mode is preferably the printing mode 
s wherern, when a relatively large in^age in a direction of the sub- 
scanning is to be printed, a relatively large number of dot- 
forming elements are used to for. dots and a sub-scanning with a 
relatively large average feed are executed. The second printing 
»ode is preferably the printing mode wherein, when a relatively 
.0 small image in the direction of the sub-scanning is to be printed, 
a relatively small number of dot-forming elements are used to 
form dots and a sub-scanning with a relatively small average feed 
ere executed, such an embodiment allows large images to be 
rapidly printed and smaller images to be more efficiently printed 
15 on printing paper. 

tOOlOJ Printing in the second printing mode is particularly 
effective for when relatively small images are printed multiple 
times at varying positions in the sub-scanning direction on the 
same print medium. Printing In the second printing mode is thus 
20 effective, for example, when the print medium is a roll of paper. 
COOIH in another embodiment, the sub>scanning may be e^'ecuted 
With -a relatively large fixed first feed in the first printing 
mode; and the sub-scanning may be executed with a relatively low 
fixed second feed in the second printing mode. Such an embodiment 
25 allows printing to be done with a simple process. 
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[00121 in y« another eBb=di„ent, th« sub-«.nni„, .nay be 
executed „peetedly with . co^ination of , pa„„uty of feed, m 
the first printin, a„de, an a^rag, of the plurality of feeds in 
the first prmtih, bein, relatively large, and the sub- 

> .canning ™y repeatedly with a co^i„.«on of a 

plurality of feeds in the second printing „od,. an average of th. 

Plurality of feeds in the second printing ^a being relatively 

lo«. Such an eatodinent will per^. high-guality printing. 

Further in th. Invention, sub-scanning nay b, done repa.tedly 
.» With a co^ination of a plurality of feeds, the of which 

IS relatively large, daring the first orini-,-„„ ^ 

y tirsx: printing mode; and sub- 

scanning may bo done Repeatedly with a combination of a plurality 
Of feeds, the .vera,. „ which is relatively low, during the 
«oond printing ,^0 co*lnatio„ Of feeds is preferably a 

» combination of feeds that are different from each other. 

10013, Pots may be printed with a first-use dot-fonaing 
el«.ent group and , aecond-use dot-forming element group during a 
same main scanning to print first and second images. The first- 
use dot-forming element group comprises dot-forming elements in a 
» relatively upstream range in th, direction of the sub-scanning. 
The second-use dot-forming element group comprises dot-farming 
elements in a relatively downatr.«a range In the direction of the 
sub-scanning. Particularly, printing i„ «e second printing mode 
can also be done using a first-use dot-forming element group 
s comprising a relatively small number of dot-forming elements in a 
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relatively upstream range in the sub-scanning direction and a 
second-use dot-foraing element group comprising a relatively 
small number of dot-forming elements in a relatively downstream 
range in the sub-scanning direction. In this aspect, the first 
s image--may be printed with the first-use dot-forming element group 
solely, and the second image may be printed with the first-use 
dot-forming element group solely. Such an embodiment permits 
printing to be accomplished with fewer main scans than when 
printing in first printing mode to print the same image. 
>o 100143 The invention can also be realised, for example, in the 
following embodiments described herein: 

1) dot printing method, printing control method, 
control method; 

2) dot printing device, printing controller, 
15 controller; 

3) computer programs to run the above devices or 

methods; 

4) recording media for recording computer programs to 
run the above devices or methods; and 

"^^^^ signals realized in carrier waves, including 
computer programs for running the above devices or methodsT 
tOOXSJ- These and other objects, features, aspects, and 
advantages of the present invention will become more apparent 
from the following detailed description of the preferred 
iS embodiments with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0016J Figure 1 is a block diagram of the printing device 
software structure; 

Figure 2 is an illustration of the general stirudture' of 

a priater; 

Figure 3 is a plan of an example of the layout of 
nozzle units for each color in a printer head unit; 

Figure 4 is an illustration of how the main scan lines 
are printed by which nozzles in high speed mode; 

Figure 5 is an illustration of how the main scan lines 
are printed by which nozzles in high speed mode; 

Figure 6 is an illustr«ition of the effects of printing 
When images with a range of 16 dots in the sub-scanning direction 
are repeatedly printed in high speed mode; 

Figure 7 is an illustration of how images with a range 
Of 200 dots m the sub-scanning direction are printed in high 
speed node; 

Figure 8 is an illustration of how the main scan lines 
are printed by which nozzles in paper conserving mode; 

Figure 9 is an illustration of the effects of printing 
When images with a range of 16 dots in the sub-sc^nning direction 
.a_?e repeatedly printed in paper conserving mode; 

Figure IQ is an illustration of how images with a range 
of 200 dots in the sub-scanning direction are printed in paper 
25 condGrving mode; 
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Figure U is a table comparing high speed mode and 
paper conserving mode; 

Figure 12 is a flow chart showing the procedure for 
determining printing mode,- . 

Figure 13 is an illustration of how the main scan lines 
are printed by which nozzles In paper conserving mode; 

Figure 14 is an illustration of the effects of printing 
When images with a range of 16 dots in the sub-scanning direction 
are repeatedly printed in paper conserving mode in the second 
20 example; 

Figure 15 is an illustration of how images with a range 
of 200 dots in the sub-.canning direction ar. printed in paper 
conserving mode in the second example; 

Figure 16 is an illustration of the effects of printing 
.5 When two images with a range of 16 dots in the sub-scanning 
^ direction are printed in divided mode in the second example; 

Figure 17 is an illustration of the effects of printing 
When two images with a range of 200 dots in the sub-scanning 
direction are printed in divided mode m the second example; 

Figure 18 is a table comparing high speed mode, paper 
conserving mode, and divided mode; and 

- Figure 19 is an illustration of an example of interlace 
printing. 
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DETAILED DESCRIPTION OF THE INVENTION 
t0017] Some aspects of the invention are described in the 
following with reference to embodiments. 

, A. First Example 
* Al. DEVICE STRUCTURE 

tOOiaj Figure 1 is a block diagram of the structure of the 
software for a printing device according to an embodiment of the 
invention. This printing system is furnished with a computer 90 
as a printer controller. The printer 22 and computer 90 can be 
.0 referred to as the printing device in the broad sense. An 
application program 95 is run under the appropriate operating 
system Of the computer 90. The operating system includes a video 
driver 91 and printer driver 96. Image data for transmission to 
the printer 22 is output from, the application program 95 through 
15 these drivers. An application program 95 for retouching images 
reads the image from a scanner 12, and the image is displayed on 
a CRT 21 via the video driver 91 as the image is appropriately 
processed. The data from the scanner 12 is the original color 
image data ORG consisting of the three color components red (R), 
20 green (G) , and blue (b), as read from the color original. 

tOOiaj After the application program 95 generates a control 
.cpmmand, the printer driver 9$ of the computer 90 receives the 
image data from the application program 95, and the data are 
converted by the printer to processable signals (in this case, 
2S signals of many values for cyan, magenta, light cyan, light 
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magenta, yellow, and black) . m the example illustrated in Figure 
1, the printer driver 96 comprises a resolution conversion module 
97, color correction module 98, half tone module 99, sorting 
module 100, and mode determining module 101. A color correction 
s table-LDT, dot-forming pattern table DT, and printing mode table 
PMT are also stored. 

£00203 The resolution conversion module 97 serves to convert 
the resolution, that is, the number of pixels per unit length, of 
the color image data handled by the application program 95 to a 
10 resolution which can be handled by the printer driver 96. Because 
the resulting image data with the converted resolution is image 
data consisting of three colors (RGB), the color correction 
module 98 converts it, while referencing the color correction 
table LOT, to data for each of the colors {cyan (C), magenta (M) , 
15 light cyan (LC) , light magenta (LM), yellow (Y), and black (K) ) 
for use by the printer. A pixel is a theoretically defined grid- 
shaped measure on a print medium (and beyond the print medium In 
some cases) to determine positions where drops of ink are 
deposited to print dots. 

20 t0021J The color-corrected data has a gray scale value in the 
range of a 256 gray scale, for example. The half tone module 99 
.r.Mns a half tone process to express the gray scale value with the 
printer 22 by forming dots in the specific density. The half tone 
modul6_99 runs the half tone process upon setting the dot-forming 
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pattern of the various ink dots according to the gray 3cale value 

of the image data. 

£00223 Meanwhile, the mode determining module 101 determines 
the printing mode. The process with the mode determining module 
5 101 is described below. The image data which has undergone the 
half tone process and for which the printing mode has been 
determined by the mode determining module 101 is sorted by the 
sorting module 100 (with reference to the printing mode table 
PMT) according to the order in which it is to be sent to the 
- printer 22. It is then output in the form of the final printing 
data PD. The printing data PD includes raster data showing the 
printing configuration of the dots during main scanning and data 
showing the sub-scanning feed, tn this example, the printer 22 
served only to form ink dots according to the printing data pd 
.5 and did not carry out the imaging process, but the printer 22 may, 
of course, also carry out those processes. The printer driver 96 - 
corresponds to the "first printing data generator" and "second 
printing data generator", 

[0023J The general structure of the printer 22 is illustrated 
by Figure 2. As illustrated, the printer 22 comprises a mechanism 
for conveying paper P by means of a paper feed motor^--23, a 
..mechanism for allowing a carriage 31 to be moved back and forth 
by a carriage motor 24 in the direction perpendicular to the 
direction in which the paper P is conveyed, a mechanism for 
« driving a printing head 28 mounted on the carriage 31 so as to 
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eject ink and form ink dots, and a control circuit 40 for 
Signaling with the paper feed motor 23, carriage motor 24, 
printing head 29, and operation panel 32 so as to control them. 
t00241 The mechanism for allowing the carriage 31 to be moved 
back -and forth in the direction perpendicular to the direction in 
which the paper P is conveyed comprises a sliding shaft 34 which 
is suspended in the direction perpendicular to the direction in 
which the paper P is conveyed and on which the carriage 31 is 
3lidably retained, a pulley 38 for suspending an endless drive 
belt 36 between the carriage 31 and the carriage motor 24, and a 
position sensor 39 for sensing the starting point position of the 
carriage 31. 

fOOasi A black ink (K) cartridge 71 and a color ink cartridge 
72 housing six colors of ink (cyan (C) , light cyan (LC) , magenta 
{M), light magenta (LM) , yellow (Y) ) can be mounted on the 
carriage 31, a total of six ink ejecting heads 61 through 66 are 
formed in the printing head 28 at the bottom of the carriage 31. 
The black (K) ink cartridge 71 and color ink cartridge 72 can be 
mounted from above onto the carriage 31 to supply ink from the 
ink cartridges to the ejecting heads 61 through 66. 
10026] The printer 22 also comprises a rolled paper "^holder 
(;not shown) in which rolls of paper can be set up as the printing 
paper P. Rolls of paper are print media wound around a spool. 
Because rolls of paper are prepared in a form wound around a 
spool, the length in the direction perpendicular to the spool is 
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often at least 10 times greater than in the widthwise direction 
of the spool around which the paper is wound. The tip of the roll 
of paper which has been set up in the rolled paper holder is 
pulled out and is conveyed by a feed roller driven by the paper 
5 feed -motor 23 to a position facing the printing head 28. The roll 
of paper is gradually pulled off the spool as the tip of the 
printing paper P is fed by the feed roller . The printing paper P 
on which an image has been printed by the printing head 28 is fed 
downstream from the position facing the printing head 28 by means 
10 of the feed roller. 

[0027] The printer 22 also con¥.rises a cutter (not shown) 
downstream in the direction in which the printing paper P is feed 
relative to the printing head 28. The cutter is at least as wide 
as the width of the print medium, and is disposed perpendicular 
J5 to the direction in which the printing paper P is fed. Printing 
paper P which has been printed with images and has been fed 
downstream by means of the feed roller from the position where it 
faced the printing head 28 is cut from the back end by the cutter. 
100281 Figure 3 illustrates the layout of ink Jet nozzles Nz 
20 in the printing head 28. The nozzle layout consists of 6 groups 
of nozzle arrays for ejecting black (K), -cyan (C), ligfft cyan 
ttC),- magenta (M), light magenta <LM), and yellow (Y) ink, where 
13 nozzles are arranged in a row at a given nozzle pitch k. The 6 
groups _of nozzle arrays are arranged so as to line up along the 
2$ main scanning direction. The "nozzle pitch" is the value 
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expressing how many dots worth (that is, pixels worth) is the 
interval in the sub-scanning direction between the nozzles 
disposed on the printing head. 

A2. PRINTING 

1002^3, in this example, printing is done in two modes: high 
speed mode and printing paper conserving mode. Interlace printing 
is done in either mode, interlace printing" involves repeated 
operations, where dots are printed on one or more new main scan 
lines in new printing areas as dots are printed in main scan 
lines at intervals from previously printed main scan lines. In 
interlace printing, there is always some overlap between the 
range where main scan line groups which have already been printed 
are located and the range where main scan line groups of newly 
printed dots are located. Also, because, adjacent main scan lines 
are printed by different nozzles, the features of the nozzles are 
not readily reflected by the print in specific areas. This 
results in print of high quality. 

flp*^ Figures 4 and 5 illustrate how 

main scan lines are printed by which nozzles in high speed mode. 
Only one row of nozzles is used in the description for the sake 
of convenience, Duri.ng main scanning, each nozzle prints one main 
s^an line. Here, «main scan line" is a row of pixels lined up in 
the main scanning direction. -Pixels" are theoretically defined 
grid-Shaped measures on a print medium to determine positions 
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where drops of ink are deposited to print dots. Here, each noizle 
is disposed at a pitch of 4 dots (k=4) . 

100313 in Figures 4 and 5, the vertical row of measu,res 
Indicates the printing head 28. Numbers 1 through 13 in the 
measures indicate nozzle nuai,ers. in the present Specification, 
the symbol «#" is attached to these numbers to indicate each 
nozzle. Numbers in descending sequence are given on the left side 
of Figures 4 and 5 for the main scan lines which the nozzles on 
the printing head 28 are able to print. The same is true in the 
figures illustrating the printing of the dots. 

I0032J The printing head 28 which is conveyed in the sub- 
scanning direction relative to the printing paper P over time is 
depicted as being istaggered from left to right. In actuality, the 
printing paper P is conveyed relative to the printing head with 
the relative positions between the two being changed, but the 
printing head is depicted as if it is moving down relative to the 
printing paper P to simplify the description. As illustrated in 
Figure 4,. sub-scanning feed is done 13 dots at a time using 13 
nozzles during printing in high speed mode. This high speed mode 
printing is the printing in "first printing mode". 
100331 In the present Specification, thfe terms *'top end" and 
"jSottora end" are sometimes used when referring to the ends of the 
printing paper P in relation to the vertical image data printed 
on the -printing paper P. The terms -front end" and "back end" are 
used when referring to the ends of the printing paper P in 
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relation to the direction i„ which the sub-scanning feed of the 
printing paper P progresses on the printer 22. When indicating 
the position of nozzles in the nozzle group (nozzle array), p'e 
terms «top end" and -bottom end" are used when indicating the 
5 positron of the nozzles in relation to the vertical image data 
printed on the printing paper P. The terms "front end" and "back 
end" are used when referring to the position of the nozzles in 

t 

relation to the direction in which the sub-scanning feed of the 
printing paper p progresses on the printer 22. In the present 
.0 specification, the «top end" of the printing paper P corresponds 
to the "front end," and the -bottom end" corresponds to the "back 
end." When describing the direction in which the printing paper 
is conveyed during the paper feed, the -top end" and "front end- 
are the ends located in the downstream direction of the sub- 
.5 scanning feed, and "bottom end" and "back end" are the ends 
located in the upstream direction of the sub-scanning feed. In 
the present Specification, when describing the printing of dots 
on the printing paper, "top" refers to the front end direction 
when the printing paper P is fed by means of the paper feed motor 
20 23, and "bottom" refers to the back end direction. 

100343 Each nozzle is responsible for- one main scan line 
..daring main scanning in this example. However, in Figure 4, the 
nozzles do not go past the 36«'» main scan line from the top 
(referred to below as the 36^" line; same for other main scan 
25 lines) in main scanning during printing. The same is true of the 
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32-- and 28^ lines, etc. That is, the n«in scan lines are not 
printed without gaps in the region above the 36- line. As such, 
in .this example, the region from the ae"- line and above is not 
used to print images. 

tooasr The main scan lines used to print images in this 
example are the 37- scan lines and below from the upstream end 
in the sub-scanning direction among the main scan lines in which 
the nozzles on the printing head 28 can print dots partially. The 
main scan line area which can be used to print images is referred 
to as the "printable area." m Figures A and 5, the printable 
area is designated as Ap, and the nonprintable area is designated 
as An, 

£00361 In cases where an image Img with a range of 16 dots is 
printed in the sub-scanning direction, for example, in high speed 
printing mode, the main scan line at the top end of the image Img 
is located at the 37^ line at the top end of the printable area. 
The image Img is therefore printed in 15 lines, from the 37^^ to 
the 52°- lines. The area where the image Img is printed is 
designated as Ail in Figures 4 and 5. 

100373 As shown in Figure 4, in high speed mode. Dots can be 
printed in all the main scan lines included- in the range All when 
ntain scanning Is done 4 times. After the fourth main scan line is 
finished, nozzle #1 is at the 40«» line position as illustrated 
in Figure 5. 
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I0038J The following is a case in which another image is 
printed after the image Img has been printed in the range Ail. As 
is evident from Figure 4, the printable area is the area of 
the main scan line where nozzle #10 is located, and t^he area 
belowr where the standard is the corresponding position of the 
nozzle row at the start of printing. As such, after the first 
image has been printed, and the next image is to be printed, the 
area where the image can be printed is the main scan line where 
nozale #10 is located at that time and the area below. That is, 
it is the area of the 76^ line and below in Figure 5. The next 
image is accordingly printed in 16 lines, from the 16^ line to 
the 91''* line. The area where the next image is printed is 
designated Ai2 in Figure 5. A 23-llne blank area Ab is between 
the bottom end of Ail and the top end of Ai2. 

100393 The same can be said for the next printed image. That 
is, when images with a range of 16 dots in the sub-scanning 

direction are printed multiple times in high speed mode, a 23- 

line blank area is put between each image. 

£0040] Figure 6 illustrates the results of printing when 
images with a range of 16 dots in the sub-scanning direction are 
printed multiple times in high speed mode. In Figure 6, th?" areas 
where-images Img are printed are designated Ail through Ai6. Each 
image Img is printed with a 23-line blank area Ab between them. 
As a result, five images Img are printed in zones with a range of 
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200 lines ia the sub-scanning direction. Bach image Imq is 
printed in 4 passes (see Figure 4). 

[0041] Figure 7 illustrates how an image Img2 with a range . of 
200 dots in the sub-scanning direction is printed in high speed 
s mode.-rhe symbols in the figure are the same as those in Figure 4. 
In this case, the main scan line at the top end of the image Img2 
is located at the 37" line at the top end of the printable area 
Ap. The image Img is thus printed in 200 lines from the 37" line 
to the 236«» line. The area where the image lmg2 is printed is Ai 
.0 in Figure 7. As is evident in Figure 7, the printed image is 
finished when the 235" line is printed by nozzle #1 in the 19" 
scan during printing in high speed mode. That is, an image Img2 
with a range of 200 dots in the sub-scanning direction is printed 
in 19 passes in high speed mode. 
" ^^^^^^ gaper Conservlner Figure S Illustrates which 

nozzles the main scan lines are printed by in paper conserving 
mode. The symbols in the figure are the same as those in Figure 4. 
As is evident in Figure 8, in paper conserving mode, five nozzles 
(nozzles #1 through #5) are used for sub-scanning feed in 5 dot 
M increments durir.g printing. Nozzles #6 through #13 which are not 
used for printing are not indicated in Figure 8. Printing in 
piaper-conserving mode is the printing in "second printing mode". 
(00433 The nozzles do not go past the 12 ", 7", and 8" lines, 
etc. in Figure 8 during main scanning. Thus, in this example, the 
25 area at the 12" line and above is not used for printing images. 
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The «.ain scan lines used to print images in this example are the 
13- scan lines and below from the upstream end in the sub- 
scanning direction an^ong the main scan lines in which the nozzles 
on the printing head 28 can print dots partially. ' "' 

lOOUr When an image Img with a range of 16 dots is printed in 
the sub-scanning direction, for example, in paper conserving .ode, 
the xnain scan line at the top of the i^age i.g is located in the 
13- line at the top end of the printable area Ap. the image Img 
is thus printed in 16 lines, from the 13 to the 28^»' lines. 
I00«3 As shown in Figure 8, dots are printed in all the main 
scan lines included in the range Ail when main scanning is done 6 
times in paper conserving mode. After the sixth main scan line is 
finished, nozzle #1 is at the 26- line position as illustrated 
in Figure 8* 

t0046J The following is a case in which another image is 
printed after the image img has been printed in the range Ail. As 
is evident from Figure 8, the printable area Ap is the area of 
the main scan line where nozzle #4 is located, and the area below, 
Where the standard is the corresponding position of the nozzle 
row at the start of printing. As such, after the first image has 
been printed, and the next image is to be printed, the area^where 
tile image can be printed is the main scan line where nozzle #4 is 
located at that time and the area below. That is, it is the area 
of the.SS"" line and below in Figure 8. The next image is 
accordingly printed in 16 lines, from the 38- line to the 53'0 
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line. A 9-line Wank area is between the bottom end of area Ail 
Where the first image is printed and the tope end of the area Ai2 
Where the next image is printed. Thus, when images Img with a 
range of 16 dots in the sub-scanning direction are pointed 
5 nvltirrie times in paper conserving mode, a 9-Une blank area is 
put between each image- 

r00473 Figure 9 illustrates the results of printing when 
images with a range of 16 dots in the sub-scanning direction are 
printed multiple times in paper conserving mode. In Figure 9, the 
10 areas where images Img are printed are designated Ail through Ai9. 
Each image Img is printed with a 9-llne blank area Ab between 
them, AS a result, eight images Img are printed in zones with a 
range of 200 lines in the sub-scanning direction. Each image Img 
is printed: in six passes (see Figure 8) . 
•s [00483 Figure 10 illustrates how an image Img2 with a range of 
200 dots in the sub-scanning direction is printed in paper 
conserving mode, m thi? case, the main scan line at the top end 
Of the image Img2 is located at the 13*^ line at the top end of 
the printable area Ap, The image Img is thus printed in 200 lines 
:o from the 13^*» line to the 212^" line- The area where the image 
lmg2 is printed is Ai in Figure 10. As is evident in Flgtire 10, 
tjie ptinted image is finished when the 2tl^ line is printed by 
nozzle #1 in the 43«» scan during printing in paper conserving 
mode. That is, an image Img2 with a range of 200 dots in the sub- 
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scanning direction is printed in 43 passes in paper conserving 



mode. 



10049] Figure 11 is a table comparing high speed mode .?nd 
paper conserving mode, in high speed mode, when images with a 
range-of 16 lines are printed, the images are printed on print 
paper with 23-line blank areas between them (see Figure 6). As 
such, the proportion of area in which images can be printed in 
the sub-scanning direction (referred to below as ^printable 
percentage") is obtained by (16 lines)/ (23 + 16) lines. The 
printable percentage in high speed mode is 41.0%. By contrast, in 
paper conserving mode, images are printed on print paper in areas 
having a range of 16 lines, with 9-Une blank areas between them 
(see Figure 9). As such, the printable percentage in paper 
conserving mode is obtained by (16 lines) /(9 + 16) lines, 
resulting in a printable percentage of 64.0%. The printable 
percentage is therefore greater in paper conserving mode. That is, 
images can be printed on printing paper more efficiently in paper 
conserving mode than in high speed mode. 

tOOSOJ Meanwhile, when images with a range of 16 lines are 
printed, the number of passes needed to print one image is 6 
passes in paper conserving mode, coii?>ared to 4 passes In high 
speed- mode. Thus, in general, when the same number of images Irag 
are printed on rolled paper, images printed in high speed mode 
can be- finished in 2/3 of the time it takes in paper conserving 
mode. Also, when images with a range of 200 lines are printed. 
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printing in high speed mode can be finished in 19 passes (see 
Figure 7J . By contrast, it takes 43 passes to finish printing m 
paper conserving mode (see Figure 10). Images are thus printed 
more rapidly in high speed mode than in paper conserving «ode.' 
^^^^^'^ (3) D«temini»w Prin*..i»y ^^g^^^ ■ ±s a flow 

chart of the procedure by which the mode determining module 101 
determines the printing mode. When the mode determining module 
101 received printing data from the half tone module 99, it is 
determined whether the si^e Al of the image data in the sub- 
scanning direction is smaller than {(n-1) x Jc/2} in Step sio. 
Here, N is the number of nozzles disposed at different locations 
in the sub-scanning direction, being nozzles that eject the same 
ink. in this example, N is 13. The symbol k is the nozzle pitch, 
expressed as the number of dots. In this example, k is 4. Ai is 
the value when the size of the image data in the sub-scanning 
direction is expressed as dots. 

tOOS^J When Ai is equal to or greater than { (N-l) x k/2) in 
Step SIO, the mode determining module loi adds data indicating 
high speed mode, m Step S20, to the image data received from the 
half tone module 99. m step S30, the image data is sent ^to the 
sorting module 100. 

I'60S3J On the other hand, if Ap is less than {(N-l) x k/2} in 
Step SIO, the mode determining module 101 displays a choice of 
"high s'peed mode" and "paper conserving mode" on a CRT 21 in Step 
S40. The user uses a mouse 13 or keyboard 14 to enter the 
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selection to the computer 90. The mode determining module 101 
receives the selected printing mode in Step S50, and determines 
whether or not the mode is paper conserving mode in step S60. 
When the user selects high speed mode, the process advances " to 
step 920. Th« process in the subsequent steps S20 and S30 are the 
same as above. 

C00S41 When the user selects paper conserving mode- in Step S60, 
data indicating paper conserving mode is added, in Step S70, to 
the received data. In Step S30, the printing data is sent to the 
sorting module 100. 

E005S] The sorting module 100 receives the printing data 
including the printing mode data, and sorts the data according to 
the secjuence in which it is to be sent to the printer 22 while 
referencing the printing mode., table PMT. The printing mode table 
PMT has parameters such as the nozzles used and the sub-scanning 
feed for each printing mode. The sorting module 100 sorts the 
printing data according to the sequence in which the data is to 
be sent to the printer 22 as befits the printing mode while 
referencing these parameters. The printer 22 prints in high speed 
mode when it receives data sorted for high speed mode by the 
sorting module 100 <see Figures 4 and 5) . . When data sorted for 
.P,9per- conserving mode by the sorting module 100 is received, it 
is printed in paper conserving mode (see Figure 8) . 
tO056J_ In this example, when the image is larger than the 
predetermined criteria, it is printed in high speed mode. Large 
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images can thus be printed sooner. When the image is smaller than 
the predetermined criteria, the user can also select high speed 
mode or paper conserving mode. When paper conserving mode is 
selected, images can be printed more efficiently on the printing 
paperr 

S. S&cond ExataplQ 
I0O573 In the printing device of the second example, images 
can be printed in divided mode in addition to printing in high 
speed and paper conserving modes. High speed mode Is the same as 
in the first example, but the number of nozzles used and the feed 
in paper conserving mode are different than in the first example. 
All other points are the same as the printing device in the first 
exas%>le . 

'^^^'^ .(^) gaper Cons^inff Mode. Figure 13 illustrates, how 
the main scan lines are printed by which nozzles in paper 
conserving mode. The symbols in the figure are the same as in 
Figure 4, As is evident in Figure 13, in paper conserving mode in 
the second example, three nozzles (nozzles #1 through #3) are 
used in printing for sub-scanning feed 3 dots at a time. In this 
type of printing, the printable area Ap is the area equal to 2 
lines below nozzle #2 (of the printing nozzle row at the siart of 
pHnting) and the area below. Aa a result, when images with a 
range of 16 Jines in the sub-scanning direction are printed 
multiple times, 5-line blank areas Ab are put between each "image. 
Each image Img is also printed in 8 passes. 
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C0059J Figure 14 illustrates the results of printing when 
iidages with a range of 16 dots in the sub-scanning direction are 
printed multiple times in paper conserving mode in the second 
example, in Figure U, the areas where images img are printed ^re 
s designated Ail through AilO. Each image Img is printed with a 5- 
line blank area Ab between them. As a result, nine images Img are 
printed in zones with a range of 200 lines in the sub-scanning 
direction, 

tOOeoi Figure 15 illustrates how an in«ge ImgZ with a range of 
.0 200 dots in the sub-scanning direction is printed in paper 
conserving mode in the second example, the image img is printed 
in 200 lines from the 1^ line to the 206*'' line. As is evident in 
Figure 15, the printed image is finished when the 206=^ line is 
printed by nozzle #i i„ the 69^^ scan during printing in paper 
.5 conserving mode in the second example. That is, an image Img2 
with a range of 200 dots in the sub-scanning direction is printed 
in 69 passes in paper conserving mode in the second example. 

(2? Plvi.ded Mo4e; Figures 16 and 17 illustrate the 
results of printing when two copies of an image with a range of 
20 16 dots in the sub-scanning direction are printed in divided mode 
in the second example. Nozzles #1 through #3 located relatively 
.dpwnstream in the sub-scanning direction and noziles #11 through 
#13 located relatively upstream in the sub-scanning direction are 
used in divided mode. The sub-scanning feed is 3 dots. Divided 
25 mode is run when the size of the image in the sub-scanning 
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direction is smaller than the predetermined criteria. The 
criteria is lower than the criteria HN-1) x k/2} for determining 
whether to run paper conserving mode. 

t0062J In divided mode, nozzles #1 through #3 (referred to 
below^as nozjle group Gl) and nozzles #11 through #13 (referred 
to below as nozzle group G2) each print om copy of an inage with 
a range of 16 dots in the sub-scanning direction. As a result, a 
total Of two images with a range of 16 dots in the sub-scanning 
direction are printed on the upstream and downstream sides in 8 
passes in divided mode. The areas were the images are printed are 
Aill and Ail2, respectively. The image in area Aill is printed 
only by nozzle group Gl, and the image in area Ail2 is printed 
only by nozzle group G2. As is evident in figures 16 and 17, each 
nozzle group forms dots on the printing paper in each of the 
first to eighth passes. Nozzle group Gl corresponds to the 
"second use dot-forming element group", and nozzle group G2 
corresponds to the >^first-use dot -forming element group-. 
t0063J The printable area Apl of the nozzle group Gl 
consisting of nozzles #1 through #3 is the area equal to 2 lines 
below nozzle #2 (at the start of printing) and the area below. 
The printable area Ap2 of the nozzle group 62 consisting of 
nozzles #11 through #13 is the area equal to 2 lines below nozzle 
#12 (at the start of printing) and the area below. As a result, 
two images are printed with a 24-line blank area Ab2 between them, 
as shown in Figure 16. 
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100643 Figure 18 is a table comparing high speed mode, paper 
conserving mode, and divided mode, the printable percentage in 
high speed mode when images with a range of 16 lines are printed 
41.0%, as shown in the first example. On the other hand, in 
papef-'conserving mode in the second example, images are printed 
on print paper in areas having a range of 16 lines, with 5-Une 
blank areas between them (see Figure 14) . As such, the printable 
percentage in paper conserving mode is obtained by (16 lines) /(5 
+ 16) lines, resulting in a printable percentage of 7 6.2%. The 
printable percentage is therefore higher in paper conserving mode. 
That is, images can be printed on printing paper more efficiently 
in paper conserving mode than in high speed mode. 
tOOfiSl Meanwhile, when images with a range of 16 lines are 
printed, the number of passes needed to print one image is 8 - 
passes in paper conserving mode, compared to 4 passes in high 
speed mode. Also, when images with a range of 200 lines are 
printed, printing in high speed mode can be finished in 19 passes 
(see Figure 7). By contrast, it takes 69 passes to finish 
printing in paper conserving mode (see Figure 15). Images are 
thus printed more rapidly in high speed mode than in paper 
conserving mode. 

[0066] Furthermore, when images with a range of 16 lines are 
printed in twos, the number of passes needed for printing (total 
number-of processed passes) is 8 passes in high speed mode, 16 
passes in paper conserving mode, and 8 passes in divided mode. 
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In<ages can thus printed mora rapidly i„ divided mode in this 
case. The total sub-scanning feed (overall feed) during printing 
Of images in twos is 39 dots in high speed mode, 42 dots in paper 
conserving mode, and 21 dots in divided mode. That is, the 
^ overaH feed is lowest in divided mode. Thus, in divided mode, 
the extent to which sub-scanning feed errors are reflected in the 
results Of printing ere lower and the print c^ality is higher. 

C. Variants 

[00671 The invention is not limited to the above examples. and 
embodiments, and is capable of various modifications within the 
scope thereof. The following are exan^ples of possible variants. 

CI: VARIANT 1 

100681 in the above examples, the sub-scanning feed was 
constant in the various printing modes. However, sub-scanning can 
be done according to a combination of different feeds. For 
exan>ple, 13 dot, 15 dot, 9 dot, 11 dot, and 17 dot feeds can be 
repeatedly combined in high speed mode using 13 nozzles. 7 dot, 3 
dot, and 5 dot feeds can be repeatedly combined in paper 
conserving mode using 5 nozzles. That is, there may be .a 
plurality of modes with different average feeds. It is also 
possible to have a plurality of modes with different maximum 
feeds, The ratio of the average of the feed in each mode may be 
equivalent to the ratio of the nun4>er of nozzles used in each 
mode. This will permit the print quality to be closer in each 
mode . 
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[00693 Sub-scanning may also be done at a constant feed in one 
printing mode, and a plurality of feeds can be repeatedly 
combined in other printing modes. Moreover, when sub-scanning, is 
done at a constant feed, it is preferable that the feed and the 
nczzlff pitch when expressed in the number of dots are mutually 
prime. 

r0070J In another possible embodiment, a fixed pattern feed is 
not done repeatedly in divided mode. That is, the feed can be set 
so that a prescribed area can be printed without gaps in the sub- 
scanning direction by the nozzles of each nozzle group. An 
example of such printing is one in which several sub-scans after 
the start of printing and several sub-scans before the end of 
printing are done with feeds lower than that of the sub-scans 
between. This will allow- large images to be printed in divided 
mode. Areas in which each group can- print may also overlap. 
£00713 In the second example above, divided mode was prepared 
as a third mode in addition to high speed mode and paper 
conserving mode. However, another possible embodiment of the 
printing device can have two modes: a high speed mode and a 
divided mode. That is, the printing device can have the two 
following modes. The first printing mode can toe a printing mode 
in wftich. When relatively large images in the sub-scanning 
direction are printed, a relatively large number of dot-forming 
elements from among the plurality of dot-forming elements can be 
used to form dots through sub-scanning with a relatively large 
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average feed. The second printing mode can be a printing mode in 
Which, when a plurality of relatively small images in the sub- 
scanning direction are printed at different locations in the sub. 
scanning direction on the same print medium, a relatively small 
s numbeF of dot-forming elements are used from among the plurality 
of dot-forming elements to form dots by sub-scanning with a 
relatively low average feed. 

C2: VARIANT 2 

t0072J In the above examples, the print medium was a roll of 
.0 paper, but the print medium can be other materials, such as 
fabric or resin sheets. The print medium is not limited to those 
wound around a spool, and can be in other configurations and 
embodiments. However, this printing device is particularly 
effective in cases where the dimensions in the sub-scanning 
.5 direction are at least 5 times the dimensions in , the main 
scanning direction When set up in the printing device for 
printing. Furthermore, the dimensions in the sub-scanning 
direction relative to the dimensions in the main scanning 
direction are more preferably at least 10 times greater, and even 
26 more preferably at least 20 times greater. 

£0073] The number of nozzles for each color is also not 
limited to 13 and can be other numbers. The number of nozzles 
used in paper saving mode and divided mode corresponding to the 
second ^printing mode can be a number other than 3 or 5. That is, 
25 the number of nozzles that are used may be lower than that used 
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in hi^h .peed mode. In the fir3t example, 5 nozzles were used in 
paper conserving mode. In the second exa.^,le, 3 nozzles were used 
in paper conserving mode, and 6 were used in divided mode. The 
nuno^er of no.zles used in both e.ses was smaller than 'the'ls 
nozzles used in high ,peed mode. That is, high speed mode 
corresponds to the «first printing mode", while paper conserving 
node and divided mode correspond to the "second printing mode". 

C3: VARIANT 3 

C00743 The invention is also applicable to drum scan printers. 
The invention may be used not only with what are referred to as 
ink 3et printers, but can be applied in general to printing 
devices which print images by forming dots from printing heads. 
Dot impact printers are an example of such printing devices. 

C4: VARIANT 4 

t00751 in the above examples, some of the components realised 
by means of hardware may be replaced with software, and vice 
versa. For example, part of the function of CPU 41 (Figure 2) can 
be run by the computer 90. 

tOOVei Co««,uter programs for executing such functions may be 
provided in a form where they have been recorded on computer- 
readable media, such as floppy disks and CO-ROM. The computer 90 
reads the computer program from such media and transmits it to an 
internal memory device or external memory devices. Alternatively, 
computer programs may be supplied to the computer 90 from a 
program provides through a communications route. When the 
computer program functions are executed, computer programs stored 
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in internal memory devices can be run by a microprgcessor in the 
computer 90. Computer programs recorded on recording media may 
also be run directly by the computer 90. 

t0077J As used in the present Specification, the computer '90 
is a-:-conc6pt that -includes hardware devices and an operating 
system, and means a hardware device that operates under the 
control of the operating system. The computer program allows the 
computer to execute the functions of the various parts above, 
some Of the above functions may be realized by the operating 
system rather than an application program. 

£0078] The con?>uter program product may be realized as many 
aspects. For example: 

(i) Computer readable medium, for example the flexible 
disks, the optical disk, or the semiconductor memories; 

(11) Data signalis, which comprise a conputer program 
and are embodied inside a carrier wave; 

(iii) Computer including the computer readable medium, 
for example the magnetic disks or the semiconductor memories; and 

(iv) Computer temporally storing the computer program 
in the memory through the data transferring means. 

10079] Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be taken by 
way of limitation, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 
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